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Bﬁgggé_- Under certain experimental condltious the internal friction in
metnls can firat {ncrease and following prolonged irradiation decreaase.
Many models have been proposed to account for this "peaking effect”;
however, in many of the cases. no effort is made to distinguish between the
fnfluence of interstitinls and/or vacanciea. To determinec the nature of
the point defect reaponsible for the peaking effect in high purity copper,
we have performed a serles of puleed irradlatinns using neutrons

and electrons. In all of the aexperiments an inl/tlal very rapid rise in the
inteinn] friction and Young's modulua was obgserved. These data show that a
fast diffuning defect Is responsible for the peaking effect: {.e. the
interstitial.

Abslract - Under certaln experimental condltiors the internal frictioa in
metals can first increase and following pralonged irradiatlon decrease.
Muny models have been proposed to account for this "poaking offect™:
however, in many o? the cases, no effort s made to distinguish between the
influence of interstlitinls and/or viacancles. To determlne the nature of
the point defect reapousible for the peaklng effect in high puclty copper,
we have performed a serlea of pulsed irradiations uslng neutrons nnd
clectrons. In all of the ecxpariments cn initial very ragld rise in the
Internnl (riction and Young's modulus wna observed. These data show that a
fngt diffusing defect (s respousible for the peanking effect: l.o. the
interstitial,

[ - INTRODUCTION

Early experiments on the effecta of Lrradlation on the internal frictlion In metals
/1/ were foterpreted on the basfs of the vibrating stelng model proposed by Kochler
/27 nud extendod by Granato and Lucke /3/. [a this model radiatior produced
defecty crented fn the lattice migrate to and Cicmly auchor (pin) the dlslocations
nl random pointy, Thie leads to a shoctening of the averago dislocation length
wlith a corvesponling decrense in the damplag and an Increase {n the modulus,
Numerous experimental rasults have beon explalned ualag this model with varylng
dogracs of success.  Thig picture had to bhe modiCled In 1971 when Simpuon und Sosin
/4,07 nhowed that undar wpecinl expozimental coudltfons, the Internal rriction
(irat {ncreased dramantically al the onset of {eeadlation and following prolouged
Trradiation the damplng decroaned to wel! below 1t peo- fpradiation valnae,  Such
behavior tins bean vamed the “"Peaking Effoct” (PE). The modulus [ncreased monotond -
cnlly durlng the trradlation.  Following thin proltwinary work, PE has been
obaerved 1o numovous metalon and undor vacious oxperimental conditons /0 19/, The
Important aapegta of the PE have rccontly beon gummnrfzed by Minter ot al. /10/ and
oy Faltham 719/, None of thoeso mcdola have bean eatively succosasful In dowcribing
PE. Separatlon of the effecly duo to nteent{ttale and vacanctos durtog t=radin -
tiou has been o major obstacle fu undevotanding 0E.  Simpeon and Kavkhoff /16,207
wore able to show that vacancicw can only pio diglocationae tmplylne that P8 {s dua
to the interaction of {ntecatitiale with dislocations. Pulee frradintioun



have also been conducted /16,21-24/, however the long pulse duratlon (tena of
seconds to an hour) has hampered separation of defect effects.

To unravel the nature af the defect that causea PE during irradlation, we performed
a series of pulsed neutron (40usec) and electron (0.4 second, 1 MeV) irradiations
on a coppcer sample over a temperature span form 310 to 430 K. JIn addition the flux
dependence was examined. Results are Interpreted in light of the current models of
PE.

II - EXPERIMENTAL PROCEDURE AND RESULTS

Experimental deta{ls are similar to our previous work /13,26/. The puised neutron
experlments were using a fast-burst assembly which ?soducgs a fission-1lke spectrum
of about A0usec duration leading to a fluence of 10 n/m°. Electron Irradlations
were performed using 1.0 MeV electrons in 0.4 second puldes generated by a mechanl-
cal shutter Table 1 lists the fluences for the constant temperature data. The PE
for thls sample was characterized by perform{ng a cont!nuous electron Lrradiation
at 370K. A well deflned peak {s observed with a helght of 1.4 and a modulus defect
of 4.5% is exhibited. This behavior 18 typlcal of thct shown by moat
experlmenters.

A series of pulsed Irradletions at 37CK were performed with a varlation {n fluence
of about a factor of ten. A very rapid rise {n the decrement occurs during the
first tens of secounds with little change occnurring after the ficrst couple hundreds
of seconds (seec flgure la). Electron i{rradlutiona produce ten times the number of
defects as neutron frradiations, thereby producing & larger Initial increase in the
decrement. The wmaxlmum value of §/8 =scanlrns linearly with dose. A gradual
decrense In the damping occurs after the first couple of hundred seconds. this
behavior 13 not the same aa the penk produced during continuous frradfation, and
therefore will be referred to ae an anomalous peak. Modulus measurements recorded
simultaneously show a monotonlic tncrease as a function of time (see flgure 1b). As
wlth the decrement datn, most of the Increase occurs in the first tens of aeconds.
A scriles of pulsed neutron and electron {rradlations at constunt dose were per-
formed over the temporature range 319 to 430K. Note the atrong temporatura
dependence of the decrement (flgure 2a). Modulus data shown in figure 2b reflects
the same goneral treuds as obscrved for tho decrement data, particularly the stroug
temporature dependence.

The danitn for both pulsed electron and neutron f(readlations show essentinlly the
same time, dose, and temperature dependent bhehavior. For all experiments, the data
ahow n very rapid rise (within tous of seconds) of the decremont and modulus,
however this response ls not Inatuntancous. A second universnl feature is the slow
docrease (n the decrement and a slow fncronse in the moduluw at long times. This
penk tn the docrement is not 't since the valua of §/8§ = 1.4 |8 not reachad even
I{n the cnae of electron fcreadinatlons. TFor ucutron lrrﬂdlntlons, thas numbaer of
defects arviving at dlatocations (s a factor of hundred loss (ton lesa In fluence
and Lton less in (ree dofoct producticn por particle). Thus an anowkalous peak is
obaerved {n the data.

As poloted ont In the {futroductlon, thare are many models to account for I'E.  These
canpe from the orlglual dragpeing model of Simpson aud Sosin /4/ with extenslons by
Oppurtanl 720,27/ and Luacke and Granato /7287 Lo the moat recent "hysteret{ic” model
propoacd by Feltham /19/. Sinco all of these models can by proper cholce of
parameters "F{t" a aclocted set of PR odata, Lthe presenl exporimonta are Intorproted
only Lo terms of the most ganoral fealurna of the modala, Be they "hysteret{c¢" orv
"relaxattonnl”, 1t s of major {mportance to detevmine whethor the PKE s caused by
the tone range Interacgtion (globnl effecta) of deCoclys with or by actlon directly
on the dinlocatlonn,  Slace the datn clearty ohow that o fagt difCusing defoct la
flrat created (o the good lattice and subsoquontly migrates to the dlslocation, the



“global effecta" models /16,17,24,29/ can be ruled out eince they require an in-
atantaueoua PE., The current cxperlments do nol address the question of amplltude,
frequency, anud sample preparatlon dependence so that no deflnitive selectlion from
the remaining models can be made.

One of the woat Interesting features of the isodose data 1a the strong temperaturo
dependence of the maximum {n the decrement and the modulus defect after the first
few hundred seconds. Slnce the same number of defecta were created, one would
expect the flnal values of the decrement and modulus to be temporature independent:
I.e. only time dependence shoula be obaerved. The observed temperature dapendence
could be due to (1) compllcated diffuslion kinetica which allow more defects tao
reach dielocation at higher towmperatures or (2) to the temperature dependence cf
dislocat'!on parametera. No current model sufficlently addresses these poa-
sihllltles, such as adding temporature dependence ta the dragging model. Clearly
additionnl experiment are needed before thls temperature dependence will be fully
understood.

iV - CONCLUSIONS

Qualftative analystis of pulsed neutron and electron frradiation shows that the
peaking effect 1a due to the short range Incaractlon of polnt defects with dlslocu-
tlons as opposed to some long range “global effect". This defect 1a {dentified as
the fast diffusing luterstitial which is created in the good lattlce and sub-
sequent]y diffuses rapldly to the dislocatlona. Followling the depletion of the
free interstitialy, vacancios alowly diffuse to the dlslocations and produce
planing. Thia lends to a reduction of fnternal friction. Work supported by the U.
S. Department of Energy.
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Pulsed Neutron and 1 MeV Electron Irradiations at 370 K

Neutron Dose (10‘4 n/m)

Electron Dose (1016 e/m)
0

on 0 Oe
In 1.49 le 0.95
2n 65.78 2e 3.12
3n 9.68 ac 9.68
4n 16.1 de 30.6
1107 r— 71T 17T T 7 T 1T 70T
1.08- NEUTROM 370 K 1
4n 1
1.06}- N
6(? B 1
@ 1.04)- {
V.02 .
1.00) on
—— 1 N 4 . 1
0 200 400 600 800 1000
t(s)
- T M Ll A T T T g
| ELECTRON 1
ooots| T T ] 410K
) NEUTRON 370 K 0012~ " )
’/’/,,fff"aoox
. i — s706
u‘0.0010 ,.,0.008]- )
~ ﬂ -
w [
< " 360 K B
0.0005} - 0.004l- /:::,_~—"—’“ 230 K
//,,—fv- - aK
g S
ol —. congs IEPUNNI L U, QL_. RIS Y N R —— | [
0 1000 ( )aooo 3000 0 1600 12(0?0 dooo " 4000
(s (]

Fipure 1: (n) Normalized docremont
neulron feendlottons Hatead in
tnble 1. (b) Modulas chaopge
corrasponding tn data {r figure a,
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freadiatfony from 310 to 410 K,
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o data lun flgure a.



